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The invention relates to a display device, comprising: 
a display screen for displaying image information, having a predetermined 
number of luminescent picture elements; 

an electron gun for generating an electron beam and 
5 an electron beam guide for receiving the electron beam at a beam entrance and 

guiding said electron beam along a beam path to extraction means for extracting said electron 
beam firom said beam guide, towards a predetermined picture element of the display screen. 

An embodiment of such a display device is known from US-A-4,21 5,293. 
10 . In a display device, the luminescent picture elements (pixels) are generally 

arranged in rows and columns. The known display device has a vertical beam guide for each 

one of the columns of pixels, said electron beam guides consisting of slalom guides, the 

principle of which is described in the article entitled "Slalom Focusing" by J.S. Cook et al. 

Proceedings of the IRE, November 1957, pages 15 17-1522. 
1 5 The vertical beam guides partially overlap the display screen. In die 

overlapping part of the vertical beam guides, the electron beams slalom in a durection 

perpendicular to the display screen. 

Each beam guide is provided with an extraction aperture for each of the pixels 

within the corresponding column. Through said extraction apertures, the electron beam may 
20 be accelerated so as to impinge on the corresponding pixel. The pixel then illuminates, 

whereby the brightness of the pixel is dependent on the beam current of the electron beam. 

By subsequently addressing each of the pixels, the image information can be displayed. 

For supplying electrons to the column beam guides, the known display device 

is provided with a gun section. The gun section is provided with a number of horizontal beam 
25 guides, each having a separate electron gun. In the horizontal beam guide, and in the gxm 

section part of the vertical beam guides, the electron beams slalom in a direction parallel to 

the display screen. 

The horizontal beam guides are arranged so that an electron beam originating 
from an electron gun is deflectable into any one of the vertical beam guides. 
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The known display device lias six horizontal beam guides and consequently 
six electron guns. 

It is a problem of the known display device, that the construction of the 
display device is relatively complicated and expensive. In particuiar, for injecting an electron 
beam into one of the vertical beam guides a relatively complicated gun section is required. 

It is therefore an object of the invention to provide a display device as 
described in the opening paragraph, which has a simplified construction. 

For this puipose, the display device according to the invention is characterized 
in that the beam guide comprises a two-dimensional slalom guide, said electron beam being 
extmctable from said two-dimensional slalom guide. 

In a two-dimensional slalom guide, the electron beam is guidable in two 
mutually perpendicular directions by means of slalom focusing. Thus, the two-dimensional 
slalom guide defines a guidance plane, in which the electron beam is guidable. The electron 
beam can be guided to follow any desired beam path within said guidance plane. 

Such a two-dimensional slalom guide is known per se firom the patent 
US-A-2,899,597. hi this patent, the two-dimensional slalom guide is applied in a storage tube 
or ia a switching tube, whereas according to the invention the two-dimensional slalom guide 
is appUed in a display device. 

Instead of a vertical beam guide for each colunm of pixels, the display device 
according to the invention has a two-dimensional slalom guide. In operation, the electron 
beam is extracted from the two-dimensional slalom guide so as to impinge on any 
predetermined picture element Thereby, the electron beam is able to address the entire 
display screen. 

For suppljdng the electron beam to the beam guide, a single electron gun can 
be sufficient, whereas in the known display device a relatively complicated gun section is 
required. In particular, this gun section comprises six electron guns and sbc horizontal beam 
guides. 

According to the invention, the number of electron guns may be reduced and 
the horizontal beam guides may be omitted, thereby replacing the vertical beam guides for 
each of the columns of pixels with a single two-dimensional beam guide. Therefore, the 
construction of the display device according to the invention is simplified. 

Although a single electron gun may be sxxfficient for addressing the entire 
screen, alternatively the display device may be provided with a small number of electron 
guns, such as two or four. 
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A forftet aspect of the invention is that the beam path of the deotron beam is 
(^yeus.onuzable™thinfteguidanoeplane.Thisisadvantageous,s,nceitenables 

deviee operation in case ti«t a local breakdown occnxs in the slalom gmde. In 
tocase.fhe beam path may be adapted such that the electron beam avoids the locanon at 

5 «hich the breakdown occurs, m the known display device, if one of fte vertical beam a^des 
breaks down, effectively aa entire column ofpixels is affected or ev«> disabled. 

In a specific embodiment, the guidance plane is substantially paiaUel to &e 
display screen. Generally, the two-dimensional slalom guide now has shnilar dnnensions as 
the display screen and overlaps said dbplay screen. This allows ibr a particularly simple 
0 construction of the display device. The guidance plane of the two-dimensional slalom gmde 
may be arclosed between a ftont plate feeing the display screen and a back plate. 

In aparticularly advantageous embodiment, the electron beam gmde is 
provided whhanumber of slalom electrodes extending between the fiont plate and the back 

ptatemadirectionsubssmtidly perpendicular to the display screen. Tire slalom electrode 
,5 enab;etheshaomfecusingoftheelec.ronbeammthebeamguide.andmaybeprovidedas 

wires, pillars or pins. , * ^- n , 

If the display device operates under vacaum conditions, the substantially 
perpendicular slalomelectrodesprovide&eelectronbeamguide^thanmte^ 
support having arelatively linuted h^uence entire electronbeam. Thus, a vacu^ 
20 deviceisobtdnedhavingarelativelyhighirnagequanty.inwHcha^^^^ 
elements for the electron beam guide are not required. 

Whenever there is made reference to the «'beam path" of the electron beam 
hereinafter, the beam path should be construed as beingavirtual line connecting t^ 
electrodes around wHch the slaloming electron beam travels. Ihe actual slalommg pat^ 

25 the election beam itself is referred to as "slalom path". 

Preferably, the back plate, the 6ont plate and the display screen are 
substantiaUy flat Within this appUcation, an element being 'W' should be understo^ 

mdicate that the outer stirfeces of said element extend in a flat plane. 

It is desired to have a display device with a flat asplay screen. Also, the back 
30 plate^frontplateanddisplayscteenmaynowbepositionedatrelativelysmallmutual 

distances. This allows forihe construction of arelatively thin display device. 

In a preferred embodiment, a slalom electrode is switchable between an electron beam 

repellmg state and an electronbeam attracting state. This aUowsthebeam path 
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beam to be suitably chosen by switchii^ the slalom electrodes along the desired beam path to 
the attracting state and switching the other slalom electrodes to the repelling state. 

Generally, a slalom electrode in the attracting state receives a more positive, 
"high" voltage, while a slalom electrode in the repelling state receives a more negative, "low'* 
5 voltage. 

In a preferred embodiment, the slalom electrodes are arranged in rows and 
columns defining an array of cells, each picture element of the display screen corresponding 
to a cell. The slalom electrodes are provided at comer points of the cells, said cells thereby 
having, for instance, a square or rectangular shape. This is a particularly simple configuration 
10 of the slalom electrodes that enables the electron beam to scan all pixels. 

Generally, tiie pixels are then also arranged in rows and columns. The electron 
beam may, as seen from the beam entrance, first be guided in the direction of the rows to the 
desired column, and then be deflected over a substantially right angle so as to be guided in 
the direction of the colimms, towards the cell corresponding to the predetermined picture 
1 5 element. Jn this way, the display screen is scanned in rows and coltmms. 

In a further preferred embodiment, for a cell, the front plate is provided with a 
beam extraction aperture, and the extraction means comprise an extraction electrode for 
extracting the electron beam through said beam extraction aperture. 

For extracting the electron beam, a voltage being applied to an extraction 
20 electrode on the front plate is increased and/or a voltage being applied to an extraction 

electrode on the back plate is decreased. Thereby, the electron beam is pulled/pushed through 
the aperture in the front plate and accelerated so as to impinge on the display screen. 

In a particularly advantageous embodiment, the slalom electrodes are arranged 
in a delta-nabla configuration. The cells being defined by the slalom electrodes are then for 
25 instance diamond-shaped. 

This electron beam guide has a particularly high stability. The number of 
electrons that are lost from the electron beam by collision with the slalom wires or pillars is 
reduced in this beam guide, so that a relatively large mraiber of electrons is transmitted 
through the beam guide. The electron transmission coeflBcient of this beam guide is relatively 
30 large. 

A low electron loss allows the switching voltage to be reduced, the switching 
voltage being the voltage dilference between the high voltage and low voltage that are 
applied to slalom electrodes in the attracting and in the repelling state respectively. The 
reduced switching voltage allows for the use of relatively cheap and power-ejBScient 
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electronic circuitry, for switching the slalom electrodes from the attracting to the repelling 
state and vice versa. 

Moreover, this embodiment allows the pixels of the display screen and the 
beam extraction apertures in the front plate to be arranged in a delta-nabla configuration. This 
5 is particularly advantageous in the case of the beam extraction apertures, since a front plate 
with apertures in a delta-nabla configuration has an increased mechanical strength as 
compared to a front plate with apertures in a square configuration. 

In a fturther embodiment the electron gun is arranged to generate two separate 
electron beams having a mutual distance smaller than a slalom pitch, each of said two 
10 electron beams being guided in a different slalom path associated with the beam palh- 
The slalom pitch is defined as the distance between neighboring slalom 

electrodes. 

An electron beam can travel aroxmd the slalom electrodes in two different 
slalom paths associated with a beam path, whereby the first slalom path passes each slalom 
1 5 electrode along the beam path on the opposite side as the second slalom path. 

As the beam current of an electron beam increases, space-charge repulsion of 
electrons in the beam gets stronger, which decreases the stability and transmission coefficient 
of the electron beam guide. This may be compensated for by increasing the switching 
voltage, however this is undesired since more expensive switching circuitry is required and . 
20 power usage is increased. 

In this further embodiment, the two electron beams travel along the same 
beam path, whereby they follow different slalom paths. Thereby, a relatively high beam 
ciUTCTt is divided over the two slalom paths. The electron beam guide has mcreased stability 
and transmission at said relatively hi^ beam current, without increasing the required 
25 switching voltage. Thus, an electron beam with relatively higji beam current is guided in a 
particularly efficient way. 

In a further preferred embodiment, a plurality of electron guns are provided for 
generating a plurality of electron beams, each of said plurality of electron beams being 
receivable by the electron beam guide at a corresponding beam entrance, so as to guide said 
30 plurality of electron beams to the extraction means via substantially different beam paths. 

Because the display device uses a two-dimensional slalom guide, an electron 
beam may be guided to each of the cells of the beam guide along a large number of different 
beam paths, la this embodiment, the electron beams from the different electron guns enter the 
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beam guide at different beam entrances, and are guided along different beam paths to the cell 
of the beam guide corresponding to the predetennined picture element. 

All electron beams are extracted jfrom said cell, so as to impinge on the 
predetennined picture element of the display screen simultaneously* The display screen 
5 receives a single electron beam with a desired beam current, while in the electron beam guide 
each one of the plurality of electron beams has a relatively low beam current. Thereby the 
stability of the electron beam guide is increased, or alternatively a lower switching voltage 
may be used. 

Since the transmission coefficient of the beam guide is generally smaller than 
10 1, pixels for which the path length is relatively large appear less bright than pixels for which 

the path length is relatively small, because of the increased number of electrons being lost 

along the relatively long beam path. This would give rise to variations in brightness within 

the displayed image. 

Therefore, preferably, a beam path length is substantially equal for every 
15 picture element of the display screen. In case a plurality of electron beams is used, this should 

be understood to mean that the avemge beam path length for all electron beams should be 

substantially equal for every pixel. 

This can be realized by suitably choosing the beam paths. For instance, if two 

electron guns are provided, both electron guns may be placed at opposite sides of a row of 
20 cells of the electron beam guide, so that the electron beams are guided through the row and 

enter the same column of cells. The average distance between each of the two electron guns 

and said column is equal for all columns. Thereby, the avemge beam path length of all 

electron beams is substantially equal, and non-uniformity of the brightness of the image is 

substantially prevented. 

25 In case a single electron gun is applied, the electron beam may be guided to 

the predetemuned picture element along one beam path of a branched network of beam 
paths. 

In a further preferred embodiment, each of the picture elements comprises a 
plurality of sub-pixels, and the display device is provided with post-selection means for 
30 passing the electron beam extracted ftom the electron beam guide to any one of the plurality 
of sub-pixels within the predetermined picture element. Said post-selection means may 
comprise an electrostatic deflector for each cell, the electrostatic deflector being positioned 
between the front plate and the display screen. Alternatively, magnetic deflection means may 
be provided as post-selection means. 
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In this embodiment, the slalom pitch may be larger than the mirtual distance 
between the sub-pixels. This facilitates the construction of the beam guide and increases its 
stability, whereby the image resolution of the display device remains relatively high. 

For example, each picture element may comprise three sub-pixels, the sub- 
5 pfacels corresponding to the colors red, green and blue respectively. This is a particularly 
simple embodiment of a color display device. 

These and other aspects of the display device according to the invention will 
now be elucidated with respect to the accompanying drawings. Herein: 
10 Fig. 1 is an isometric view of an embodiment of the display device according 

to the invention; 

Fig.2 shows, in operation, the electron gun and the electron beam guide of the 
display device in a cross-section along the guidance plane; 

Fig, 3 is an alternative configuration of the slalom electrodes and the beam 
15 extracting apertures; 

Fig. 4 shows the electron beam guide with two electron beams in different 

guiding modes; 

Fig. 5 shows the electron beam guide receiving electron beams from two 

electron guns; 

20 Fig. 6 shows the electron beam guide receiving electron beams from four 

electron guns; 

Fig. 7 shows a branched network of electron beam paths; 

Fig. 8 shows part of the electron beam guide with a single beam extraction 
aperture, corresponding to a color picture element comprising three sub-pixels; 
25 Fig. 9 shows part of the electron beam guide with a single beam extraction 

aperture, corresponding to a picture element comprising a 4x4 block of sub-pixels; 

In a jSrst embodiment of the display device according to the invention, as 
shown in Fig. 1, an electron beam 45 is generated by an electron gun 40 and injected at a side 
30 of the electron beam guide 10. Within the beam guide 10, the electron beam 45 slaloms 

around slalom electrodes 1 6 along the beam path, until the beam is extracted from the beam 
guide 10 and accelemted towards the display screen 30. 

For extracting the electron beam 45, the beam guide 10 is provided with a 
separate beam extraction aperture 1 8 for each pixel 35 of the display screen 30. 
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If the electron beam 45 is to impinge on a predetermined pixel 35, the beam 
path of the electron beam 45 is selected such that the electron beam 45 is guided to the beam 
extraction aperture 18 corresponding to said predetermined pixel 35, Here, the electron beam 
45 is deflected over a substantially right angle, so that it passes through the beam extraction 
5 aperture 1 8 and impinges on the predetermined pixel 35. 

The entire display screen 30 can be scanned by subsequently selecting each 
one of the picture elements 35. Each pixel 35 is provided with limiinescent material, for 
instance phosphors, which illuminates when the electron beam 45 impinges on the pixel 35, 
the brightness being dep^dent on the beam current of the electron beam 45. 
1 0 During the scanning of the display screen 3 0, the beam current of the electron 

beam 45 is modulated in accordance with image information that the display device receives. 
Thus, image information can be displayed on the display screen 30. 

The beam guide 10 consists of a back plate 1 1 and a front plate 12 being 
provided with the beam extraction apertures 1 8. The slalom electrodes 16 extend between the 
1 5 back plate 1 1 and the front plate 12, and act as an integrated vacuum support for the electron 
beam guide 10. 

The back plate 1 1, the front plate 12 and the display screen 30 consist of flat 
plates. The thickness of the back plate 1 1 and the front plate 12 is for instance 0,3 millimeter, 
and their mutual distance is for instance 1,2 millimeter. The distance between the front plate 
20 12 and the display screen 30 is for instance 4 millimeter. Generally, a spacer (not shown) is 
provided between the front plate 12 and the display screen 30, to provide vacuum support. 

As can be seen in Fig. 2, the electron beam 45 is generated by the electron gun 
40 and enters the electron beam guide 10 through a beam entrance 14 in the side. The 
electron gmi 40 has, for instance, a diode or a triode configuration. 
25 In this embodiment of the beam guide 10, the slalom electrodes 16 are 

arranged in rows and columns defining an array of square-shaped cells 55. The slalom 
electrodes 16 are positioned at regular intervals, the slalom pitch being 1,5 millimeter. The 
slalom electrodes 16 comprise cylindrical wires having a diameter of 0,15 millimeter. 

A picture element 36, to which the electron beam 45 is to be guided, is 
30 selectable by defining a beam path from the beam entrance 14 to a cell 56 corresponding to 
said picture element 36. This cell is referred to as "selected cell" hereinafter. 

A beam path can be defined by means of attracting electrodes 5 1 and repelling 
electrodes 52, more particularly by switching the slalom electrodes 16 along the beam path to 
the electron attracting state 51, i.e. supplying these with a "high" voltage, and by switching 
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the other slalom electrodes 16 to the electron repelling state 52, i.e. supplying these wilh a 
"low" voltage. 

At each cell 55, the front plate 12 is provided with a beam extraction aperture 
18, thus each cell 55 corresponds to a pixel 35 of the display screen 30. 
5 The high voltage is for instance 350 V, and the low voltage is for instance 

-100 V. Thus, the switching voltage equals 450 V in this embodiment. 

The electron beam 45 is extracted from the selected cell 56 through the beam 
extraction aperture 18 in said selected cell, in cooperation with extraction electrodes 20 and 
21 bemg provided on the front plate 1 1 and the back plate 12 respectively. For each row of 
10 pixels, there is a corresponding pair of extraction electrodes 20,21. The extraction electrodes 
are also referred to as "row electrodes" hereinafter, 

A slalom electrode 16 closest to the beam entrance 14 acts as a first electrode 
54 being supplied with a separate voltage* Its purpose is to start the slaloming movement of 
the electron beam 45, and to set the slalom angle to a value that eoables the electron beam to 
15 be guided as efficiently as possible. 

The slalom angle is defined as the angle that the slalom path has with respect 
to the beam path, at an intersection point of the paths. 

An efficient value of the slalom angle is, for instance, 35 or 45 degrees. For ; 
setting this slalom angle, a voltage of, for instance, +100 V is applied to the first electrode 54. 
20 At this slalom angle, the electrons are well-confined within the electron beam 

45. The distance of the electron beam 45 to each attracting electrode 5 1 is such that the 
number of electrons collide with the attracting electrode is relatively low. At the same time, 
the influence of the repelling electrodes 52 is not large enough to knock a substaatial number 
of electrons out of the electron beam 45, as would happen at larger values of tiie slalom 
25 angle. Thus, the electron transmission coeflBcient of the electron beam guide 10 is as high as 
possible. 

After the first electrode 54, the electron beam 45 is first guided along the 
bottom row of slalom electrodes 16, to the column of slalom electrodes 16 corresponding to 
the selected cell 56. Here, the electron beam 45 is deflected by a deflection electrode 53, so 
30 that the electron beam 45 is now guided along the column. The electron beam 45 enters 

selected cell 56, from which it is extracted through the beam extraction aperture 18. For this 
purpose, the row electrodes 20, 21 corresponding to the selected cell 56 are supplied with a 
voltage of for instance 250V or 500 V. 
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The deflection electrode S3 is the slalom electrode 16 at the intersection of the 

bottom row and the column corresponding to the selected cell 56. It may be supplied with the 

low voltage or alternatively with a separate "intemiediate" voltage, for deflecting the electron 

beam 45 into the column such that the slalom angle is set to the desired value in said column. 

In this embodiment, the deflection electrode 53 is provided with an intermediate voltage of, 

for instance^ +50 V. 

In alternative configurations, it is possible to arrange the slalom electrodes 16 

and the beam extraction apertures 1 8 differently. An example of an alternative configuration 

is shown in Fig. 3. 

The slalom electrodes 1 1 6 are arranged in a delta-nabla configuration, thereby 
defining cells 155 having a diamond shape. Neighboring slalom electrodes 1 16 within a row 
or within a column are located at a mutual distance of 1,5 millimeter. In this embodiment, the 
slalom pitch equals this distance. 

The beam extraction apertures 1 18 are also arranged in a delta-nabla 
configuration, whereby each beam extraction aperture 1 1 8 is located at the center point of a 
diamond-shaped cell 155. 

The electron beam guide 110, being provided with this altemative 
configuration of the slalom electrodes 116 and beam extraction apertures 118, has an 
increased stability and a relatively high electron transmission coefficient 

The switching voltage is reduced using this configuration. The low voltage 
being applied to repelling slalom electrodes is now for instance 0 V, and the high voltage 
being applied to attracting slalom electrodes is now for instance +200 V. The switching 
voltage is 200 V in this example, as compared to 450 V in the configuration having square- 
shaped cells. 

Furthermore, a separate intermediate voltage, for setting the correct slalom 
angle after a deflection of the electron beam, is not required in the electron beam guide 110. 
If an electron beam is deflected firom a row into a column, or vice versa, the slalom angle is 
automatically set to the desired value, because of the configuration of the slalom electrodes 
116. 

In the embodiment as shown in Fig. 4, the electron gun 140 generates a pair of 
electron beams 145A, 145B. The electron beams 145A, 145B are both injected into the first 
embodiment of the electron beam guide 10 through the beam entrance 14. 

Between the electron gun 140 and the beam entrance 14, the electron beams 
145 A, MSB run substantially parallel. The mutual distance of the electron beams 145 A, 
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145B is such tiiat the electron beams 145A, 145B are injected in different slalom paths of the 
same beam path, both at a desked slalom angle. 

The pair of electron beams 145A. MSB are guided along the same beam path, 
whereby &e beams pass on opposite sides of each attracting electrodeSl of the beampath, 

5 andcrosseachotherinbetweenneighboringattractmgelectrodes.Bothelectronb^ 

145A 1453 are extracted through the same beam extraction aperture 18 towards tiie 
predetermined pixel 36 ofthe display screen 30. thereby merging inasingleel^^^^ 

having a relatively high beam cunent 

TUs relatively high beam current is the sum of the beam currents of the 
10 eleotronbeams USA, MSB. If asingle electmnbeam having a similar relattvely Ugtbeam 
current were gmdedtoough the election beam guide 10. a significant number of electrons 
^ be lost fliereftom. beaa.se of spae^charge repulsion in the beam. In this embodiment. 
thereMvely highbeam cunent is divided ov«the two electtonbeams 145A, MSB withm 
the dectrenbe^n guide 10. .be stability oflheelectronbeam guide ,0 is increased and/or the 

15 switching voltage is reduced. 

The toplay device may aBematively be provided with multiple electron guns. 
eaohg=neratingoneortwo.lectro„beams.Thus.arelativelyhighbe.mcurrentmaybe 
divided overanumber of electron beams larger than two. For example, fcur or eight electron 

beams are guided to the cell corresponding to the predetermmed picture dement. 
20 to Fig. 5. two electron guns 240, 241 are positioned on diagonaUy opposite . 

sides of .he electron beam guide 10. Each electron gun 240, 241 generates a pah: of el«*on 
beams 245A. 245B; 246A. 246B. which are injected mto the electronbeam guide 10 such 
to. each pah of electton beams enters the electren beam guide 10 through a correspondmg 

beam enhance 214A. 214B. 
25 Near each beam Mteance 2MA, 214B, a first electrode 254A. 254B is 

provided, so that each pair of eleotren be«ns 245 A, 246A; 245BA, 246B ttavels along its 

correspondmg slalom path at an efScieiil shdom angle. 

As se«. fiom to display screen 30, the first pah of elechon beams 24SA. 

246A are guided towards 4e ri^ side of the electron beam guide 10. along a beam path that 
30 extends along the bottom row of sWom elechodea 16 to a slalom dechode acting as a 

deflection decide 253A. By means of flris deflection electe.de 253A. the first pair of 

electron beams 245 A. 246A are deflected into a first cohmm of slalom decteKJes 16. so as 1» 

enter ttie sdected cell 56 ftom the bottom. 
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The second pair of electron beams 245B, 246B are guided towards the left side 
of the electron beam guide 10, along a beam path that extends along the top row of slalom 
electrodes 16 to a slalom electrode acting as a deflection electrode 253B. By means of this 
deflection electrode 253B, the second pair of electron beams 245B, 246B are deflected into a 
second column of slalom electrodes 16, neighboring said first column, so as to enter the 
selected cell 56 from the top. 

All four electron beams 245 A, 245B, 246A, 246B are extracted through the 
beam extraction aperture 18 towards the selected pixel 36 of the display screen 30, thereby 
merging in a single electron beam. Because a relatively high beam current of the single 
electron beam near the display screen 30 is now divided over four electron beams within the 
electron beam guide 10, the stability of the electron beam guide is further increased and/or 
the switching voltage is further reduced. 

This embodhnent has the further advantage that the average of the beam path 
lengths of the first pair of electron beams 245A, 246A and the second pair of electron beams 
245B, 246B is substantially the same for any picture element 35 of the display screen 30. 
This prevents variations in image brightness between pixels, caused by a length of the beam 
path varying with the position of the pixel 35 on the display screen 30. 

A configuration of the electron beam guide 10 with foiir electron guns 340, 
341, 342, 343 is shown in Fig. 6. Each gun is positioned at a separate comer of the electron 
beam guide 10 and generates a single electron beam 345, 346, 347, 348. 
In this configuration, two neighboring pixels are addressable at the same time by guiding the 
electron beams 345, 346, 347, 348 to neighboring selected cells 57, 58. The fbrst pixel 
corresponding to first selected cell 57 receives the electron beams 346, 347 fix>m electron 
guns 341, 342, and the second pixel corresponding to the second selected cell 58 receives the 
electron beams 345, 348 firom electron guns 340,343. 

This configuration enables the use of an interlacing addressing scheme of the 
pixels of the display device. For instance, the pixels in an odd column are addressed by 
means of electron beams 346, 347 and the pixels in an even column are, at the same time, 
addressed by means of electron beams 345, 348. Thus, the line frequency may be halved. 

An embodiment having a relatively good image brightness xmiformity between 
pixels, in which only a single electron gun 440 is required, selects the beam path towards the 
selected cell 56 from a branched network 60 of beam paths. Such a branched network 60 is 
shown in Fig. 7. 
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The electron gun 440 generates an electron beam 445, which enters a 
two-dimensional slalom guide, in this case the first embodiment of the electron beam guide 
10, at the bottom side. The branched network 60 comprises nodes 61, 62, 63, 64 at each 
junction of two branches. 
5 The slalom electrode near or at each of the nodes 61, 62, 63, 64 along the 

beam path operates as a deflection electrode. The slalom electrodes 16 forming the beam 
guide 10 are addressable such that, at any node, the electron beam may follow either branch 
of the network 60 leading firom said node. 

The electron beam path extends, via the nodes 61, 62, 63, 64, &om the beam 
10 entrance 14 to the beam extraction aperture 18 corresponding to the selected pixel 36 of the 
display screen 30. The branched network 60 is a so called H-fractal network as known per se 
from patent US-A-5,78 1,1 66. The beam path has the same length for all pixels 35 of the 
display screen 30. 

In case such a branched network of beam paths is applied, the extraction 

1 5 means can not be supplied with row electrodes, but must instead, for instance, comprise a 
separate extraction electrode for each cell. 

It is advantageous if the slalom pitch is larger than the distance between pixels 
on the display screen. This allows for mote stable operation of the slalom guide and relatively 
inexpensive manufacturing thereof. 

20 For this purpose, each picture element may comprise a plurality of sub-pixels. 

Each cell of the electron beam guide, and each beam extraction aperture, now corresponds to 
a plurality of sub-pixels. Therefore, the number of cells no longer has a 1 : 1 relation with the 
number of pixels on the display screen, and thus with the image resolution of the display 
device. Because of this, the slalom pitch of the electron beam guide may be increased^ 

25 without compromisiug the image resolution. 

An embodiment of this, wherein each pixel comprises three subpixels 135R, 
1 35G, 135B, arranged in-line in the hori2X)ntal direction, is shown in Fig. 8 for a single beam 
extraction aperture and pixel. 

This embodiment is particularly advantageous for use in a color display 

30. device, in which each of the subpixels 135R, 135G, 135B corresponds to one of the phosphor 
colors red, green and blue. The sub-pixels 135R, 135G, 135B are relatively close to each 
other, so that a viewer observes the three sub-pixels as one color pixel, while at the same time 
the slalom pitch of the basic electron beam guide 10 can remain unchanged in this 
embodiment. 
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Between the beam extraction aperture 18 and the display screen 130, 
conventional electrostatic deflection plates 170 are provided as post-selection means, for 
deflecting the electron beam exiting from the beam extraction aperture 18 to one of the sub- 
pixels 135R, 135G, 135B. Each of the sub-pixels 135R, 135G, 135B is selectable by 
switching a deflection voltage Vd applied over the electrostatic deflection plates 170. 

In this embodiment, if the deflection voltage Vd is 0 Volt, the electron beam is 
not deflected and impinges on the green sub-pixel 135G. If the deflection voltage is for 
instance -200 Volt, the electron beam is deflected to the left, as seen firom the display screen 
130, and impinges on the red sub-pixel 135R. If the deflection voltage is for instance +200 
Volt, the electron beam is deflected to the right as seen from the display screen 130, and 
impinges on the blue sub-pixel 135B. 

It is alternatively possible that each picture element comprises a block of sub- 
pixels, for instance an 8x8 or a 16x16 block of sub-pixels, or a 24x8 or a 48x16 block of sub- 
pixels for use in a color display device. The pixels 235 of the display screen now define 
"tiles" of sub-pixels, each tile corresponding to one beam extraction aperture 218, This is 
shown in Fig. 9 for a tile comprising 4x4 sub-pixels 236. 

Between the beam extraction aperture 18 and the display screen 230, post- 
selection means are provided to deflect the electron beam 45 that exited from the beam 
extraction aperture 18 to any sub-pixel within the corresponding tile 235. In this embodiment, 
the post-selection means comprise an electrostatic mxdtipole deflector 270 as commonly 
known in the state of the art. By means of the electrostatic multipole deflector 270, the 
electron beam 45 is deflectable in the horizontal and tiie vertical directions. 

This embodiment has the advantage that the slalom pitch is large as compared 
to the distance between neighboring sub-pixels. This facilitates the slalom pitch design and 
allows for easy construction thereof. At the same time, the display device has a desired, high 
inaage resolution. 

The drawings are schematic and were not drawn to scale. In the drawings, 
embodiments of the display device are, for simplicity reasons, shown with only a few pixels, 
whereas an actual display device would have, for instance, 800x600 (color) pixels. 
While the invention has been described in coimection witli preferred embodiments, it should 
be imderstood that the invention should not be constraed as being limited to the preferred 
embodiments. It includes all combinations of elements described therein, and variations 
which could be made thereon by a skilled person, within the scope of the appended claims. 
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1 . Display device, comprising: 

a display screen (30) for displaying image information, having a 
predetermined nmnber of luminescent picture elements (35); 

an electron gun (40) for generating an electron beam (45) and 
5 an electron beam guide (10) for receiving the electron beam (45) at a beam 

entrance (14) and guiding said electron beam (45) along a beam path to extraction means for 
extracting said electron beam (45) from said beam guide (10) towards a predetermined 
picture element (35) of the display screen (30), characterized in that the electron beam guide 
(10) comprises a two-dimensional slalom guide, whereby the extraction means are arranged 
10 to extract said electron beam (45) from said two-dimensional slalom guide. 

2. Display device as claimed in claim 1, characterized in that the 
two-dimensional slalom guide defines a guidance plane, in which the electron beam (45) is, 
guidable, said guidance plane being substantially parallel to the display screen (30). 

15 

3. Display device as claimed in claim 2, characterized in that Ihe electron beam 
guide (10) is provided witihi a number of slalom electrodes (16) extending in a direction 
substantially perpendicular to the display screen (30), between a back plate (11) and a front 
plate (12) facing said display screen (30). 

20 

4. Display device as claimed in claim 3, characterized in that the back plate (1 1), 
the front plate (12) and the diq)lay screen (30) are substantially flat 



25 



5. Display device as claimed in claim 3, characterized in tiiat a slalom electrode 

(16) is switchable between an electron beam repelling state and an electron beam attracting 
state. 
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6. Display device as claimed in claim 5, characterized in that the slalom 
electrodes (16) are arranged in rows and columns defining an array of cells (56), each picture 
element (35) of the display screen (30) corresponding to a cell (56). 

7. Display device as claimed in claim 6, characterized in that, for a cell (56), the 
front plate (12) is provided with a beam extraction aperture (1 8), and the extraction means 
comprise an extraction electrode (20, 21) for extracting the electron beam (45) through said 
beam extraction aperture (18). 

8. Display device as claimed in claim 6, characterized in that the slalom 
electrodes (16) are arranged in a delta-nabla configuration. 

9. Display device as claimed in claim 1 , characterized in that the electron gun is 
arranged to generate two separate electron beams having a mutual distance smaller than a 
slalom pitch, each of said two electron beams being guided in a different guiding mode 
associated with the beam path. 

10. Display device as claimed in claim 1, characterized in that a plurality of 
electron guns are provided for generating a plurality of electron beams, each of said plurality 
of electron beams being receivable by the electron beam guide at a corresponding beam 
entrance, so as to guide said plurality of electron beams to the extraction means via 
substantially different beam paths. 

1 1 . Display device as claimed in claim 1 or 1 0, characterized in that a beam path 
length is substantially equal for every picture element of the display screen. 

12. Display device as claimed in claim 1 , characterized in that a picture element 
comprises a plurality of sub-pixels, and the display device is provided with post-selection 
means for passing the electron beam extracted from the electron beam guide to any one of the 
plurality of sub-pixels within the predetermined picture element. 



13. Display device as claimed in claim 12, characterized in tiiat each of the picture 

element comprises three sub-pixels, said three sub-pixels coiresponding to the colors red, 
green and blue respectively. 
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A display device is provided vdth sl display screen (30) for displaying image 
information, having a predetermined number of Iximinescent picture elements (35). In 
operation, an electron beam (45) is generated by an electron gun (40) and entered into a two- 
dimensional slalom guide (10), wherein the beam is guided in two mutually perpendicular 
5 directions by means of slalom focusing. Subsequently, the electron beam (45) is extracted 
from a selected cell (56) of the slalom guide (10) towards a corresponding picture element 
(35). The path of the electron beam (45) in the slalom guide (10) is folly customizable within 
the guidance plane. Preferably, the guidance plane extends substantially parallel to the 
display screen (30). 

10 

Elected for publication: Fig. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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